New analogues of brassinolide biosynthetic precursors with three deuterium atoms at non-exchangeable positions have been synthesized to be used as standards for quantification of natural brassinosteroids by liquid chromatography-mass spectrometry. [26-2 H 3 ](22R,23R,24S)-22,23-Dihydroxy-6-methoxy-24-methyl-3,5-cyclo-5-cholestane was used as a starting material for the preparation of campestane derivatives having a 22R,23R-diol functionality and either a hydroxy or keto group at C-3 and labeled at C-26. The mass spectrometric behavior of the newly synthesized compounds has been studied.
Brassinosteroids (BS) represent the only group known so far of plant growth regulators possessing steroidal character. A lot of effort has been made to study their biological activity and biosynthetic pathways during the last decades. The current view of BS biosynthesis envisages multiple parallel pathways in a metabolic grid leading from ubiquitous sterols to fully functionalized plant hormones [1] . Two main parallel biosynthetic pathways described are the so called "early C-6 oxidation" and "late C-6 oxidation" pathway comprising several cytochrome P450-catalyzed oxidative reactions [2] . In the early C-6 oxidation pathway, the oxidation at C-6 occurs before the introduction of vicinal hydroxyls at C-22 and C-23 of the side chain. The pathway where the introduction of hydroxyls on the side chain and the A ring takes place before C6 is oxidized is known as the late C-6 oxidation pathway. The natural occurrence of intermediates from both mentioned pathways has been shown in a variety of plants [3] . Most of the steps in both pathways have been defined by feeding plants with deuteriumlabeled substrates and then identifying the metabolites using gas chromatography-mass spectrometry (GC-MS) [4] . The compounds 1a-4c are considered as brassinolide (5) biosynthetic precursors from campesterol (1a) for 28C-BS (Scheme 1) [5] . Among them, 3-dehydro-6-deoxoteasterone (3c) and 6-deoxoteasterone (4c) are key intermediates of the late C-6 oxidation pathway. Recently, it was found that 4c is formed also by C-23 hydroxylation of 22-hydroxy-3-one (2b), which is a biosynthetic shortcut between the early C-22 oxidation pathway and the C-6 late oxidation pathway [6] . Although a lot has been done in this area over the past thirty years resulting in the identification of about 70 new compounds related to brassinolide [7] (reflecting the existence of certain biosynthetic pathways), this topic is far from being exhausted. This is especially true for the initial biosynthetic steps.
The availability of the properly labeled compounds is required as a prior condition for further detailed investigations of BS biosynthesis. Based on our previous experience in this field [8], we are suggesting utilizing C-26 trideuterated 22R,23R-dihydroxy derivatives with a cyclic part (1-4) corresponding to the early stages of brassinolide biosynthesis as tools for such studies. Detailed knowledge of mass spectrometric fragmentation pathways is another essential prerequisite of BS investigations. Here, we report the synthesis of the labeled brassinolide biosynthetic precursors and study their electrospray ES (+) and ES (-) mass spectral fragmentation.
The most appropriate starting material available for the synthesis of the target molecules 7, 11-13 seemed to be the diol 6 used by us earlier for the preparation of other deuterated BS [8a] . The side chain in compound 6 had already been formed, and the major task was to carry out the necessary transformations in the cyclic part. The 3,5-cyclo-6-methoxy functionality in 6 can be considered as a protected form of the 3-hydroxy- 5 -system. Its regeneration was achieved by treatment of 6 with TsOH in dioxane/water to give triol 7. Oppenauer oxidation of the 3-hydroxy- 5 -functionality into Scheme 1: Part of a metabolic pathway for brassinolide (5) biosynthesis (1a -campesterol, 4b -6-deoxocathasterone, 3c -3-dehydro-6-deoxoteasterone, 4c -6-deoxoteasterone). 4 -3-ketones necessitated prior protection of the 22R,23R-dihydroxy moiety that was achieved with 6 by its acetylation to afford diacetate 8. Regeneration of AB-cycles in this compound provided alcohol 9, which was further subjected to Oppenauer oxidation to give enone 10. Removal of the acetate protection of the side chain hydroxy groups in 10 led to another target compound 11. It was also employed for the preparation of deuterated 3-dehydro-6-deoxoteasterone (12) and 6-deoxoteasterone (13) by stepwise reduction with lithium in liquid ammonia.
NPC Natural Product Communications
The two last compounds were selected for detailed MS studies. Their ion spectra in negative ESI mode were very simple with the most abundant peaks at m/z 434 and 436, corresponding to the deprotonated anions M-H -of 12 and 13, respectively ( Figure 1 ). Other major peaks in the mass spectrum of 12 were observed at m/z 359 (cleavage at C 23 -C 24 ), 283 (cleavage at C 20 -C 22 followed by the Both brassinosteroids yielded quasi-molecular stable precursor ions [M+Na] + in electrospray-positive mode {ES (+) for 12 at m/z 458 and 13 at m/z 460, see Figure 1} as the most abundant ions in the mass spectrum with little fragmentation. Competition between sodium adduct formation and protonation is known to occur during the electrospray ionization process of other steroids containing ketoand/or hydroxyl groups [9] . This adduct formation can be minimized, or even eliminated, by using formic acid as the mobile phase additive. It has the necessary acidity and volatility to provide an excess of cations for mass spectrometric measurement in positive mode when the addition of proton to molecule of analyte to form M+H + is of high interest.
Using an acidified mobile phase, both BS gave ES (+) spectra exhibiting M+H + peaks that varied considerably in their intensity ( Figure 2 ). The high intensity of the molecular ion M+H + related to its stability in the ion source was observed in the case of In conclusion, synthesis of four brassinolide biosynthetic precursors labeled with three deuterium atoms at C-26 has been implemented. The main fragmentation pathways {ES (+) and ES (-)} were studied for [26- interface and the collision cell -ScanWave was utilized for BS studies. The entire LC-MS system was controlled by Masslynx Software (version 4.1, Waters, Manchester, UK). The samples were dissolved in 100% methanol to prepare 110 -6 M and 5 μL of each sample was injected onto a reversed-phase column (ACQUITY UPLC CSH  C18 Column, 2.1 x 50 mm, 1.7 μm). The substances of interest were eluted with a linear gradient of acetonitrile (A) and 10 mM formic acid (B) at a flow rate of 0.3 mL/min −1 starting from 65% A to 100% A over 5 min. Finally, the column was washed with 100% acetonitrile (0.5 min) and equilibrated to initial conditions (65:35 A: B, v/v) for 2.0 min. The binary gradient was applied with a column temperature of 40°C. The mass spectrometer settings were as follows: capillary voltage 4 kV for all compounds, cone voltage 20 V, source temperature 120°C, desolvation gas temperature 550°C, cone gas flow 70 L/h −1 , desolvation gas flow 600 L/h −1 and collision energy 10V and 14V for 12 and 13, respectively. [26-2 H 3 ](22R,23R,24S)-22,23-Diacetoxy-24-methylcholest-4-en-3-one (10): A solution of alcohol 9 (239 mg, 0.46 mM) and cyclohexanone (0.37 mL, 3.57 mM) in toluene (6 mL) was heated under reflux with slow takeoff of the distillate (1.5 mL) for azeotropic removal of water. The distillation was continued at a slow rate while, portion wise, aluminum isopropoxide was added (58 mg, 0.29 mM). The mixture was refluxed for another 15 min, then cooled to room temperature, washed with water and extracted with toluene. The organic layer was dried (Na 2 SO 4 ) and evaporated. 
